Flat 2D fractal grids are known to alter turbulence characteristics downstream of the grid as compared to the regular grids with the same blockage ratio and the same mass flow. Recently, a new 3D multi-scale grid design has been proposed [1, 2] such that each generation of length scale of turbulence grid elements is held in its own frame, in overall co-planar This produces a sparse grid system whereby each generation of grid elements produces a turbulent wake pattern that interacts with the other wake patterns downstream. A motivation of the new fractal wake experiments reported here is that the effective blockage ratio in the 3D Sparse Grid Turbulence (3DSGT) design seems lower than in the 2D counterpart, with the new configurations, the blockage ratio could be reduced from say 30% in 2D flat grid to 30%-10% in the 3DSGT. This is a reduction, which, if realized in practice values of the network. High resolution one point velocity measures obtained with hot wire probes are shown and compared with Atmospheric wind data. The advantadge of using long high resolution point velocity data is that structure functions of higher order and intermittency may be calculated. In addition, the analysis allows to set bounds on the parameters to be used. Examples of fluxes are presented to show the behaviour of the grid Numerical DNS compared to Eulerian and Lagrangian experiments will also be used to examine these systems in an accessible range of parameter space. Some experiments on the 3DSGT has already been carried out under an EU Hit Large Turbulent Facility project at the Max Planck Institute in Gottingen, the actual 3DSGT that was constructed at the MPI has three recurrence square grid levels. Other results and analysis from these high resolution experiments, as well as with several traditional configurations, such as square and Sierpinski Carpet designed grids with higher solidity will be reported soon.
Introduction
An important challenge is to investigate turbulent mixing and transfer processes in complex flows. Grids have been used to generate turbulence, and recently fractal boundary conditions seem to increase mixing [1, 3] . The separation of scales in separate frames, at different distances from the incoming flow, allows for greater flexibility in the distribution of intermittency in space and time coordinate, the topology and control of the flow is enhanced and allows for a full active control of mixing and turbulence local characteristics [1, 2] . More than sixty experiments with different configuration and flows approximation on the 3DSGT experimentally built for use in EUHIT, during March 2017, the experiments presented here were performed using long time series of hot wire probe measurements at the wind tunnel in the Max Planck Institute for Dynamics and Self-Organization located in Gottingen, Germany. Grid oscillating experiment and other visualization experiments were also made at the Technical University of Catalonia (UPC) in Spain [4, 6. 8] , and numerically using Direct Numerical Simulation (DNS) at King Fahd University of Petroleum and Minerals (KFUPM) in Saudi Arabia and in University of Warsaw in Poland [9, 10] , which will be reported elsewhere. In addition, we did experiment using spray with dye on the channel and recorded some videos in order to compare with the Flow Image velocimetry (SFIV) techniques [4] or PIV method [15] . During the experimental campaign in the EUHIT project in Gottingen, various multi-scale grids were tested 3DSGT. Each experiment was carried out as single-point U-velocity measurements using hot wire velocimetry at 10 000 Hz during 10-15 minutes -so typically we have 6 million to 9 million data-points per measuring point. Experiments at each measuring point was repeated for three different mean flow velocities, U = 1.5m/s, 2.5 m/s, and 5 m/s. The reason for such long sets of data was to improve statistics which allow to calculated high order structure function with good convergence [13, 14] . Design of the Sparse Fracta1 Grid Generator in 3D used in EU Hit is described in Patent [2] , The final working design built had only three levels of recurrence, [1, 2] the 2D or plane projection grid may be seen in figure 1. In the first set of experiments, a three-generation 3DSGT was constructed, and measuring points were taken along the centerline of the grid, at different distances downstream of the last (3rd) set of square grid elements, the ratios of grid length Li and square were bar size (40 cm, 20 cm and 10 cm) and bi (4 cm, 2 cm, 1 cm), a fourth set of 5 cm long and 0.5 cm thick bars is envisaged.
In 1926, Richardson [14] proposed that the pair diffusivity K(l) is scale dependent with a single power law over all turbulent scales, and that the diffusion process is local. He collected available data at the time, and assumed the K(l) = c lª, with a=4/3, (which is equivalent to say that the area increase grows with the cube of the time i.e. l² ~ t³), although this has never been unambiguously verified. l can be understood as the pair separation between typical tracers after time t, Experiments and DNS have not reached yet the very high Reynolds numbers need to generate a large enough inertial subrange to test these ideas fully. [3] . It is interesting to remark that [11, 12] , there has not been developed a non/homogeneous non/local turbulent theory beyond Kolmogorov 41 and 62 intermittency corrections. A non-local theory for a generalized law spectra of the form E(k) ~ f (k), as a power law, [14, 15] , 
Fractal Grid Wakes
A three-dimensional sparse grid turbulence generators (3DSGT) as defined in figure 1 was built using the technical facilities at the Max Plank Institute in Gottingen. By 'sparse' we mean in a space-filling sense that they are not dense possessing a local fractal dimension of zero, and this means that each generation of scales is spaced out and it contained in its own frame on single grid size, these are spaced out in co-planar multi-grid arrangement. As indicated in [2] a 3D sparse multi-scale arrangement has two important advantages over the 2D grids. First, it reduces the effective blockage ratio, s3DS _ s2DF, thus providing a greater mass flux through the grid system. Secondly, it has a bigger parameter space -the spacing between co-planar frames, d1; d2; ::: can be varied. This provides a wider control and further optimization possibilities of the turbulence, as compared to the non-sparse 2D grids. Here, we also discuss some theoretical results concerning blockage ratio and its implications for turbulence characteristics [15 ] . We also report on some early experiments from the EUHIT project carried out at the Max Planck Institute in Gottingen. ( www.EU Hit.3CSGT. ), The actual set up of the experiments and the details of the built grid are shown in figures 2. The methodology of single point Eulerian measurements was performed using high resolution hot wire probes Spacial and temporal multi-scale fractal behaviour on several were used for comparison between different new configurations, these are based upon previous numerical and experimental flux estimates of turbulence data obtained by [13, 14] three dimensional effects have broadened the spectrum of lengthscales widely enough as to have a fractal structure in the visual range with dimensions ranging between 2.15 and 2.40, the procedure has been used for wind measurements and is described in [17] . Some differences between transfer processes and local parameters were detected. The separation of scales in separate frames, at several distances from the incoming flow, allows for greater flexibility in the distribution of intermittency in space and time coordinate, the topology control of the flow is enhanced and allows for a full active control of mixing and turbulence local characteristics various multi-scale grids were tested, 3DSGT. Each experiment was carried out as single-point U-velocity measurements using hot wire velocimetry. In the set of experiments, just behind the power fans and before the positioning of the frame holding the the 3DSGT an active turbulence grid was constructed, witha dditional many possibilities of generating other types of fractal wakes, such as Serpinski fractal shapes, leaving sectors either open or closed. Another possibility not used was to actively generate turbulence by oscillating flaps at different positions. All the measuring points reported here were at the centre of the fractal grid, but also taken along the vertical centerline of the grid, due to its reflection simetry 5 additional measurements (one off diagonal) were taken for each experiment, at different distances downstream of the last grid (3rd) (x=200 cm) and for different average wind speeds. In order to compare with Atmospheric wind vane measurements [17, 18] at a much lower speed, we discuss and applying the suggested methodology of ESS and Fractal filtering [14, 16] to the wind velocity. In this example we will represent the temporary variation in the velocity field both in the wind tunnel in Figure 3 in the centre of the wind tunnel and in a wind tower experiment mentioned above [14] together with the spectra and fractal dimension in Figure 5 . The temporal variation in the series that have been analysed in this work show slight differences, although the general behaviour is similar to that shown in Figure. 3. The procedure in both laboratory and environmental flows is the same, followed in order to filter deterministic waves including calculation of the power spectrum and removal of the peaks with energy of the power spectrum higher to the 99 % significance level, because these are considered to be the most important which could follow resonant waves or non-turbulent large eddies. The filtering approach uses the spectrum from the filtered series and the process is repeated until results are convergent. These lower frequencies waves of the longitudinal wind series correspond to large scale integral length influences. The other short waves filtered at higher frequencies correspond to smaller amplitudes and minor energy instabilities. As shown in figure 3 the information in time domain and in frequency domain is equivalent. 
Results
Most of the results presented in this section correspond to an average velocity of 7.27 m/s at the position (x = 4 m, y = 0, z=0), the third order structure functions depend with the scale, here it is normalized with the Kolmogorov scale. Figure 4 shows that the value of the scaling exponents of the structure functions is not exactly one, but changes with scale. Figure 5 shows the relative scaling exponents for a range of exponents between 1 and 6. Note that the intermittency may be calculated with the 6 th order scaling exponent as it indicates the turbulent energy dissipation behaviour. Figure 6 shows the probability distribution function (PDF) of the longitudinal velocity, the spectra shows that the turbulent velocity field is not in local equilibrium. Several methods of deriving intermittency from single point velocity data need high resolution as well as assumptions from the small scale isotropy of the flow. The information should give more realistic estimates of the spatial/temporal non-homogeneities generated behind the fractal grids. (And also the analysis of intermittencies in the Kolmogorov 62 sense obtained as spatial correlations of the turbulent dissipation, or from structure functions). The relationship between the dissipation rate of kinetic energy per unit mass of the filtered waves and the fractal dimension of the series once filtered those waves in the physical space (velocity-time) for each one of the three u, v and w components of the wind velocity, the Wind tunnel experiments only use u in the x direction.. The dissipation rate of kinetic energy per unit of mass of each one of the filtered waves is calculated according to Taylor hypothesis or frozen eddy hypothesis, often valid for high speed flows, the dissipation is given by the following equation:
The parameters u and l are the r.m.s longitudinal velocity, and l the integral lenthscale are both averaged statistical quantities. The model described by Eq. (1) works extremely well and it can be considered as a basic law in turbulence. This energy of dissipation is normalized, considering also dissipation and the description of the spectral density function, S(f), we have equivalently the temporal dependence, as shown in figure S(T) . The large Reynolds number wake Fractal flows may also reflect the intermittent forcing. The relationship between Intermittency and fractal dimension is interesting, D(µ) the fractal dimension of the flows usually has a limit of 2.45. An oscillation of the fractal dimension is shown around the mean fractal dimension of the vertical wind w component versus length. The turbulence energy spectral slope b, may be related [11, 14] . For example the local measurements of dispersion are related to the second order velocity moments, the Skeweness and Kurthosis, etc. are related to asymmetry and intermittency. 
Discussion and Conclusions
However, mass flow rate is not the only quantity increased by the 3D sparse grid. It was noted above that in the 2D flat grids the turbulence intensity in general increases compared to regular grids leading to enhanced mixing. In the 3DSGT, the multi-scale nature of the grid is fully retained, and in addition there are more free parameters that give 3DSGT greater optimization possibilities. These parameters are the spacing between successive co-planar frames, as well as the ratios of square scales Li and square thickness bi . Let us call these distance optimization for the 3DSGT so that it potentially improves on the equivalent 2D flat regular or with other 2D fractal grids is two ways, namely enhanced optimized turbulence and mixing characteristics, and also a great production of turbulence. Our results suggest that a scaling factor of r =0:5 produces the optimum increase in mass flow rate, and the quantitative increase is sensitive to the largest scale in the grid system, a = L1=H. Within the range of parameters examined, the enhancement in the mass fluxes was found to be between 21% and 38% compared to the 2DF fractal grids. In the future, the whole parameter space will be examined. Furthermore, it is known that the 2D flat fractal grids enhance the turbulence intensity compared to regular grids leading. In the 3DSGT the multiscale nature of the grid is fully retained and in addition there are more selective parameters.
